In this work we have presented current understanding of neutrino-nucleon/nucleus cross sections in the few GeV energy region relevant for a precise determination of neutrino oscillation parameters and CP violation in the leptonic sector. In this energy region various processes like quasielastic and inelastic production of single and multipion production, coherent pion production, kaon, eta, hyperon production, associated particle production as well as deep inelastic scattering processes contribute to the neutrino event rates.
I. INTRODUCTION
The neutrino-nucleus(ν-A) cross sections are important input to the systematics of analysing ν oscillation experiments. The measured events are a convolution of energydependent neutrino flux and ν-A cross section. For precise measurements, there are two challenging tasks, (i) good knowledge of neutrino fluxes and (ii) well understood nuclear medium effects(NME) in the entire region of neutrino energy spectrum. In this presentation, we have considered the following neutrino interactions: on nucleon and nuclear targets. Similar reactions take place withν l . It is estimated that due to NME the cross sections have an overall uncertainty of 20-25% [1, 2] . We present here a short review of current understanding of ν − A cross section.
II. QUASIELASTIC(QE) REACTIONS
Most of the present Monte Carlo generators use relativistic Fermi gas model(FGM) given by Smith and Moniz [3] to analyse the experimental results on ν − A cross section. However, other variants of FGM like the model used by Aligarh [4, 5] and Valencia [6] groups, where local FGM with long range correlations of the particle-hole excitations in the nuclear medium were included or the calculations where nucleon spectral functions are used to include the initial state interactions [7] . First high statistics experimental results from MiniBooNE [8] , and later K2K [9] and MINOS [10] could not be explained by using Smith and Moniz [3] model of QE reactions using the standard values of weak vectors and axial vector form factors. These experiments required a value of M A which was much larger than the world average value of 1.026GeV. It was shown by Martini et al. [11] and later Nieves et al. [12] , the importance of two particle-two hole(2p-2h) contribution(which is basically multi- be seen that the data and the results from the MC generators are not in agreement particularly in the low Q 2 region. Therefore, better theoretical models to understand NME in ν-A scattering process for analysing CCQE events are needed.
III. SINGLE π PRODUCTION
The experimental data on weak pion production in ν-A scattering in the experiments performed at MiniBooNE, SciBooNE and more recently from MINERνA collaboration have highlighted the inadequacy of our present understanding of nuclear medium and final state interaction effects. In addition there is lack of consensus in the theoretical modeling of basic reaction mechanism of ν(ν) induced pion production from free nucleon, specially con- cerning the role of background terms and higher resonances. By including the contribution of background terms and higher resonances along with the dominant ∆ resonance, Aligarh group [16] has studied weak charged and neutral current induced single pion production from nucleons and fitted the reanalysed ANL and BNL data [17] , and the results are shown in . In an another work by Valencia group [18] , implementing unitarity using Watson's theorem and applying it to fit old and reanalysed ANL and BNL data, the best fit was found with C A 5 (0) = 1.12 ± 0.11 and C A 5 (0) = 1.14 ± 0.07 respectively, and M A =0.954 ± 0.063GeV.
In the case of single π production from nuclear targets, the dominant contribution from the ∆ resonance is suppressed due to modifications of mass and width of the ∆ propagator in the nuclear medium [19] . Moreover, the produced pions undergo final state interaction(FSI) with the residual nucleus which further reduces the pion production. In Fig.2(mid) , the results for CC1π production in 12 C obtained by different theoretical groups are shown along with the MINERνA data [20] . Recently McGivern et al. [21] have published MINERνA data of CC1π production and compared the results with different theoretical approach incorporated in MC generators (Fig.2 right) . It may be clearly observed that there is a discrepancy between the theoretical and experimental results which need further study. There is another mode of pion production from nuclear target known as coherent pion production where a nucleus after the interaction remains in the ground state and all the energy is transferred to the outgoing pion. The work by the Aligarh group [22] and the Valencia group [23] have
shown that the contribution from coherent pion production is highly suppressed due to NME and is 2-3% of the total pion production. Besides 1π production there can be 2π or multipion production for which details can be found in Ref. [24] .
IV. DEEP-INELASTIC SCATTERING (DIS)
There is no sharp kinetic region to distinguish the onset of the DIS region from the resonance region but the region W ≥ 2.0 GeV and Q 2 ≥ 1.0 GeV 2 is considered to be 6 DIS region. At high energy and Q 2 , the inclusive DIS cross sections are usually expressed in terms of the structure functions which are derived in terms of quark PDFs using the methods of perturbative QCD. These structure functions are experimentally determined from DIS experiments on nucleon and nuclear targets. The observation of EMC effect has led to the presence of strong NME in DIS region. Phenomenologically NME on quark PDFs and nucleon SF have been determined by many groups [25] . There is considerable theoretical work on studying NME in structure functions [26] . Recently a comparative study of NME
2 ) has been done by Aligarh group [27, 28] and Kulagin and
Petti [29] .
The Aligarh group has studied NME in structure functions for moderate as well as heavy nuclear targets. We construct a relativistic nucleon spectral function for a nucleon in an resonance for antikaon production. For the η production the major contribution is from s-channel S 11 (1535) resonance followed by u-channel contribution and from the Born diagrams.
Aligarh group [30] [31] [32] [33] that for the precise determination of neutrino oscillation parameters and to estimate the background for a study of nucleon decay searches, these reactions are important. In Fig.4 , we have presented the results for CC induced K,K and η production cross sections. The details are given in Ref. [30] - [33] .
